Abstract. Early detection of cancer is still a great challenge in clinical oncology. Recently, Raman spectroscopy has been used for skin lesion detection. FT-Raman spectroscopy is a modern analytical tool and its use for cancer diagnosis will lead to several advantages for the patient as, for example, real time and less invasive diagnosis. The primary objective of this work was to use FT-Raman spectroscopy to detect spectral changes between benign and malignant (basal cell carcinoma -BCC) skin tissues. Those spectral changes can provide important information about the biochemical alterations between these two types of tissues. We have analyzed by FT-Raman eight set of samples histopathologically diagnosed as BCC and made a comparison with five set of samples diagnosed as benign tissue. We have found that the main spectral differences between these samples were in the shift region of 1220-1300 cm −1 and 1640-1680 cm −1 . The vibration bands in these regions correspond to the amide III and to the amide I vibrations, respectively. Principal components analysis applied over all 13 samples could identify tissue type with 100% of sensitivity and specificity.
Introduction
The incidence and mortality rates of skin cancer have increased dramatically over the world during de last decade. In 2002 the estimation of skin cancer in the United States is of 111,900 new cases (excluding basal cell carcinoma, BCC and squamous cell carcinoma, SCC) [1] . The situation is not different in Brazil and, as shown in Fig. 1 , the incidence of skin cancer corresponds to about 25% (62,190 cases/year) of all diagnosed malignant tumors [2] . The high incidence of skin cancer in Brazil is probably related to the long exposure of workers to the sunlight in the countryside and also by the excessive exposure of people to sunlight for leisure. Recently, the Brazilian public health authorities have made a major campaign educating people to protect themselves from the sunlight. Although this approach will help to control and prevent the increasing of the incidence rate of skin cancer, the early detection should be the main goal to decrease the mortality rate. Nowadays, the skin cancer diagnostic is done by histopathological biopsy where dermatologists count with experiences to the visual diagnosis of injuries in clinical routine examination by dermatoscopy technique. The evaluation of the injury characteristics is based on the so-called ABCDE system, i.e., Asymmetry, Border, Color, Dimension and Evolution of the lesion [3] . According to recent studies, up to 50% of early diagnosis of skin malignant lesions may escape detection during of clinical routine examinations, while experts achieve accuracy of approximately 80-90% [4] . Many efforts have been made to develop techniques that can provide early diagnostic and prognostic procedure of tissues with better specificity.
All diseases lead to biochemical changes of cells and tissues. Therefore, the challenge of modern medicine is to find one analytical technique that investigates these changes using a non-invasive and nondestructive method that gives the diagnosis in real time. Few analytical methods satisfy this requirement and are sensible enough to study details of tissue compositions and structures. Among those methods, molecular vibrational spectroscopy is a potential technique to diagnose and study the evolution of human diseases, such as atherosclerosis [5] and precancerous and cancerous lesions [4, [6] [7] [8] [9] .
Optical spectroscopy is able to detect biochemical changes of tissues that occur in inflammatory, benign or malignant pathologies of skin [10] . Malignant tissues have different optical properties, which are mainly caused by changes in the molecular structures of proteins and lipids in the tissues [11, 12] . Those changes can be detected by vibrational spectroscopy and therefore, this technique has been considered a promising tool for the early cancer diagnosis. The Fourier Transform Raman spectroscopy (FT-Raman spectroscopy) is a powerful technique for biological analysis with an important advantage that lies in the decreased likelihood of sample fluorescence, typical of biological specimens [13] . The applicability of the Raman spectroscopy, in the long run, could be to complement the histopathological diagnosis, where the biopsy is unpracticable, for example, in multiple lesions or in incipient lesions that still not revealed clinically and also help removal of tumours by detecting security surgical limits. The use of Raman spectroscopy for cancer diagnosis has many advantages, for example, real time and less invasive procedures. It is a non-destructive technique that an optical fiber can be coupled for in vivo experiments, providing the capability for specific molecular fingerprinting and analysis [14] .
Many studies have been performed as a tentative to correlate differences in the Raman spectrum to the tissue pathology [3] [4] [5] [6] [7] [8] [9] [10] [11] . FT-Raman have been used as a diagnostic in a variety of human diseases, mainly constructing a database and identifying main spectral features [8, 15] . Skin cancer disease has been studied by FT-Raman and differences in the BCC and normal tissue spectra have been confirmed by neural network analysis [6] .
Currently, a number of researchers employ multivariate statistics for spectral data analysis, interpretation and classification. Principal Components Analysis (PCA) is a very effective data reduction tech-nique. Basically it decomposes the spectra into factors, or principal components, which represent the most common variation to all the original data. Each principal component is related to the spectrum with a variable called score, representing the weight of that particular component to form the basis spectrum. These scores can be used to develop a model to classify the spectra into well-defined groups according to differences observed in the spectra [16] , carried out by the scores of the first PCs.
In this work the objective is to detect vibrational changes in the FT-Raman spectra of benign and malignant tissues, identifying main features, and to correlate those changes with the histopathological analysis by using PCA.
Materials and methods
Skin tissues were obtained from oncologic routine biopsy and each piece was divided in two slices. One slice was sent to the histopathologist an the other one to the spectroscopic study. The patients were informed of the research by the Informing and Accordance Term, which was approved by the committee of ethics of UNIVAP. Samples were snap frozen and kept stored immersed in liquid nitrogen (−196 • C) in cryogenic bottles at the Laboratory of Biomedical Vibrational Spectroscopy, in the IP&D, Institute of Research and Development, UNIVAP.
For collection of FT-Raman data, the samples were defrosted and warmed-up to room temperature washed with 0.9% physiological solution. The Raman spectrum collecting time was about 4 min and the total time for sample handling was about 10 min, enough to prevent degradation and dehydration of the samples during analysis. We have used a FT-Raman spectrometer (RFS 100/S -Bruker Inc., Karlsruhe, Germany), with a Nd:YAG laser at 1064 nm as an excitation source. The output laser power was 300 mW and the data were obtained with 250 scans and resolution of about 4 cm −1 .
Raman spectra were collected from eight sets of samples histopathologically diagnosed as basal cell carcinoma (BCC) and five sets of samples histopathologically diagnosed as benign tumor skin.
Raman spectra from each sample has been collected and stored by OPUS software (Bruker, Inc., Karlsruhe, Germany), where wavelength and intensity for most prominent peaks were evaluated and labeled. The OPUS data was converted to ASCII file prior Principal Components Analysis. The PCA routine was implemented using the MATLAB software (The Mathworks Inc., version 5.0), applied to all the obtained Raman spectra (a total of 13 ones) and the scores of the first PCs (principal components) were plotted in order to choose what PC can best differentiate the benign of the malignant tissue based on the histopathological results. Figure 2 shows typical FT-Raman spectra of benign and BCC skin tissues in the interval of 800 to 2300 cm −1 . It can be observed differences in the overall intensity of the Raman spectra in both type of tissues, in which the BCC presents a lower intensity in the whole spectral range. The Raman spectral region of 1220 to 1300 cm −1 is assigned to the vibrational bands of the carbohydrate-amide III, the region of 1400 to 1500 cm −1 is assigned to proteins and lipids and the bands in the region between 1640 and 1680 cm −1 corresponds to the vibration of carbohydrate-amide I [6] . It can be seen that the main spectral differences between both benign and BCC tissues are in the shift region of amide I and amide III. The biochemical alterations of malignant tissue decreases significantly the intensity of the amide III vibration bands, in which band intensities are within two times less intense than the benign samples. Also it is visible a reduction in the intensity of proteins and lipids peaks between 1440 and 1500 cm −1 of malignant tissue compared to benign tissue. The principal components vectors resemble Raman spectra, but with positive as well as negative bands (valley shape). The first two PCs are shown in Fig. 3 which are responsible for about 90% of all spectral variations. Since the PC1 (Fig. 3a) has positive intensity bands and all the main bands are in the same positions as in the benign tissue spectrum, it gives a qualitative information about the tissue type. PC2 (Fig. 3b) has the same band positions, but some bands present the valley shape, indicating intensity differences for such bands. The first two principal components scores are plotted in Fig. 4 . PC1 and PC2 scores are used to separate the data into the two tissue types according to the information found in each PC. In order to clearly separate the tissue types, an empirical diagnostic line based on the best visual separation was drawn. As can be seen in Fig. 4 , this drawn line could correctly identify and separate the two types of tissues, giving 100% of sensitivity and specificity.
Results

Discussion and conclusion
According to the studies made by Gniadecka et al. [6] and Fendel and Schrader [15] , where they analyzed normal and malignant skin tissues it was observed spectral differences between the peaks of the amide I and III, proteins and lipids. We have found that these spectral differences also occur between malignant and benign skin tumor, and such differences can be used for optical diagnosis.
It has been demonstrated that it is possible to obtain reproducible high quality FT-Raman spectra of human skin tissues. The PCA can be effectively used for classification of human diseases, since each principal component has an unique spectral characteristic and the scores represent the magnitude of these characteristics correlated to the tissue histopathology. For the amount of spectra analyzed in this study the PCA could separate both tissue types with a 100% of agreement with histopathology. The principal components vectors could be used for prospective spectral analysis, by calculating the score of each principal component projected onto the prospective data, by means of a least square fitting routine, and plotting the first two PCs using the same diagnostic line.
Raman spectroscopy is one very promising technique for analysis of superficial cancer. By connecting optical fiber cables to collect light at the suspicious lesion in vivo, the technique make possible local diagnosis with results in a real time, nondestructively. The applicability of the Raman spectroscopy would be to assist the histopathological examination, mainly in situations which biopsy is not effective, for example, in multiples lesions or incipient lesions.
